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ON MINIMALITY OF TWO-BRIDGE KNOTS
FUMIKAZU NAGASATO, MASAAKI SUZUKI, AND ANH T. TRAN
Abstract. A knot is called minimal if its knot group admits epimorphisms
onto the knot groups of only the trivial knot and itself. In this paper, we
determine which two-bridge knot b(p, q) is minimal where q ≤ 6 or p ≤ 100.
1. Introduction
Recently, many papers have investigated epimorphisms between knot groups.
In particular, Simon’s conjecture, which was one of our main interests, was settled
affirmatively in [1]. Namely, every knot group maps onto at most finitely many knot
groups. Then the next problem will be to determine the number of knot groups
onto which a given knot group maps. Silver and Whitten in [17] gave a necessary
and sufficient condition for admitting an epimorphism from the knot group of a
torus knot. Ohtsuki, Riley, and Sakuma in [15] studied a systematic construction
of epimorphisms between two-bridge knot groups. In [8] and [7] all the pairs of
prime knots with up to 11 crossings which admit meridional epimorphisms between
their knot groups were determined. However, it is not easy to determine whether
there exists an epimorphism between knot groups in general.
A knot is called minimal if its knot group admits epimorphisms onto the knot
groups of only the trivial knot and itself. It is already known that infinitely many
knots are minimal. For example, it is proved in [10] that all the prime knots with
up to 6 crossings are minimal. This result has been extended to two-bridge knots
with up to 8 crossings in [18]. Besides, the previous papers [4], [11], [13], and [14]
showed that twist knots and b(p, 3) are minimal.
In this paper, we will discuss the minimality of two-bridge knots. To be precise,
we determine which two-bridge knot b(p, q) is minimal where q ≤ 6 or p ≤ 100, in
Theorem 3.13 and Theorem 4.1. For this purpose, we show two sufficient conditions
on the minimality of a knot. One is given by the SL2(C)-character variety of a knot
and the other heavily relies on the irreducibility of the Alexander polynomial.
2. Some sufficient conditions
In this section, we show some sufficient conditions on the minimality of a knot.
First, we consider the nonabelian SL2(C)-character variety of a knot, which is the
non-abelian part of the SL2(C)-character variety.
For a knot K in S3, we denote by G(K) its knot group and X(K) its SL2(C)-
character variety. For brevity, in the rest of the paper, character varieties always
mean SL2(C)-character varieties.
Proposition 2.1. If the nonabelian character variety of a hyperbolic knot K is
irreducible, then K is minimal.
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The previous paper [2, Theorem 4.4] (see also [15, Corollary 7.1]) shows Propo-
sition 2.1. However, its proof would be a little indirect for it. In [13, Appendix B],
we showed a straightforward proof of Proposition 2.1. Here we review this proof.
Proof of Proposition 2.1. Suppose there exists a non-trivial knotK ′ in S3 such that
K ′ 6= K and there exists a surjective group homomorphism φ : G(K) → G(K ′).
Then φ induces the injection φ∗ : X(K ′) → X(K) between the character varieties
X(K ′) and X(K) given by φ∗(χρ′) := χρ◦φ (see [2, Lemma 2.1]).
Now X(K) is a union of the irreducible components Xred(K) consisting entirely
of the reducible characters and the irreducible components X irr(K) including the
irreducible characters. Since K is hyperbolic, X irr(K) includes the irreducible com-
ponent X0 containing a discrete faithful character χρ0 coming from the holonomy
representation. Note that dimC(X0) = 1. By the assumption of Proposition 2.1,
X irr(K) has only a single irreducible component and thus X irr(K) = X0. It is ob-
vious that φ∗ maps irreducible (resp. reducible) characters in X(K ′) to irreducible
(resp. reducible) characters in X(K). This indicates that X(K ′) must be a union
of the irreducible components Xred(K ′) consisting entirely of the reducible charac-
ters and a single (complex) 1-dimensional irreducible component X ′ containing the
irreducible characters because φ∗ is an injection. (Note that the character variety
of a non-trivial knot always has an irreducible character.) Moreover, φ∗(X ′) = X0
as φ∗ is a closed map in Zariski topology, which can be shown as follows (see also
[3, Lemma 2.1]). Suppose that the set C := X0 − φ
∗(X ′) is not empty. Then there
exists a point x0 in C and a sequence {χρ′
n
} in X ′, called blow-up, such that for
some h ∈ G(K ′) ∣∣∣ lim
n→∞
χρ′
n
(h)
∣∣∣ =∞, lim
n→∞
φ∗(χρ′
n
) = x0.
For example, we can consider a sequence {χρn} in φ
∗(X ′) = X0 − C with
lim
n→∞
χρn = x0
because dimC(X0) = 1. Then taking the preimage of χρn under φ
∗, we can obtain
a blow-up {χρ′
n
}.
By definition, the above behavior of φ∗(χρ′
n
) at infinity can be transformed as
follows: ∣∣∣ lim
n→∞
χρ′
n
(φ(g))
∣∣∣ = |x0(g)|,
for any g ∈ G(K). Note that since x0 is in X0, the right side of the above equation
does not diverge for any g ∈ G(K). As φ : G(K) → G(K ′) is surjective, for some
g0 ∈ G(K) we have φ(g0) = h and thus the equality∣∣∣ lim
n→∞
χρ′
n
(h)
∣∣∣ = |x0(g0)|.
holds. The left side of the equality diverges, meanwhile the right side converges, a
contradiction.
Now we have φ∗(X ′) = X0. In this situation, there must exist an irreducible
character χρ′ ∈ X
′ such that φ∗(χρ′ ) = χρ0 , i.e., χρ′◦φ = χρ0 . Since ρ
′ ◦ φ and ρ0
are irreducible, they are conjugate. So there exists a matrix A ∈ SL2(C) such that
A−1ρ′(φ(g))A = ρ0(g) for any g ∈ G(K). Here ρ0 is faithful. Hence φ : G(K) →
G(K ′) must be bijective and thus a group isomorphism.
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In this situation, K ′ cannot be a prime knot, because if K ′ is prime then G(K) ∼=
G(K ′) means K = K ′, a contradiction. This completes the proof of Proposition 2.1
for prime knots. In addition, K ′ cannot be a composite knot by [6, Lemma 2]. 
We have another sufficient condition for a knot to be minimal, which heavily relies
on the Alexander polynomial. It is well-known that if there exists an epimorphism
from the knot group of K onto that of K ′, then the Alexander polynomial ∆K(t)
of K is divisible by that of K ′. This property gives us a useful criterion to show
the non-existence of an epimorphism between knot groups. Moreover, we can refine
this condition on two-bridge knots.
Proposition 2.2. Let K be a two-bridge knot. If the Alexander polynomial of K
is irreducible over the integers Z, then K is minimal.
A two-bridge knot can be represented by a fraction q/p. Then we denote by
b(p, q) the two-bridge knot, where p and q are coprime (see [5], [12] for details).
Using this presentation, Schubert classified two-bridge knots as follows.
Theorem 2.3 (Schubert). Let b(p, q) and b(p′, q′) be two-bridge knots. These knots
are equivalent if and only if the following conditions hold.
(1) p = p′.
(2) Either q ≡ ±q′ (mod p) or qq′ ≡ ±1 (mod p).
In order to prove Proposition 2.2, we recall the following remarkable result.
Theorem 2.4 (Boileau-Boyer [3]). If there exists an epimorphism from G(b(p, q))
onto another knot group G(K), then K is the trivial knot or also a two-bridge knot
b(p′, q′), where p = kp′ and k > 1.
Proof of Proposition 2.2. Suppose that the knot group of a two-bridge knot b(p, q)
admits an epimorphism onto the knot group of another non-trivial knot K. By
Theorem 2.4, K is a two-bridge knot b(p′, q′), where, in particular, p′ is less than
p. It is easy to see that if G(b(p, q)) admits an epimorphism onto G(K), then the
Alexander polynomial of b(p, q) is divisible by that of K. However, by assumption,
the Alexander polynomial of b(p, q) is irreducible over Z. Therefore the Alexander
polynomial of K is the same as that of b(p, q). Note that the Alexander polynomial
of a two-bridge knot is not trivial. On the other hand, it is known that the deter-
minant |∆b(p,q)(−1)| of a two-bridge knot b(p, q) is p. This implies the Alexander
polynomials of b(p, q) and K are not the same. This is a contradiction. 
Corollary 2.5. If the degree of the Alexander polynomial of a two-bridge knot K
is 2, then K is minimal.
3. Main theorem I
In this section, we determine which two-bridge knot b(p, q) is minimal where
q ≤ 6.
First of all, we can determine whether two-bridge knots b(p, 1) are minimal or
not, since b(p, 1) is a torus knot and the existence of an epimorphism from a torus
knot group is studied in [17]. Namely, b(p, 1) is minimal if and only if p is prime.
Next, two-bridge knots b(2k+1, 2) are minimal, since these knots are twist knots
and their minimalities were already shown in [4], [11], [13], and [14]. Furthermore,
two-bridge knots b(3k + 1, 3), b(3k + 2, 3), b(4k + 1, 4), and b(4k + 3, 4) are also
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minimal as follows. These knots are always double twist knots and we have the
following proposition.
k
l
J(k,l) J(2,-3)
Figure 1. Double twist knots J(k, l) and J(2,−3).
Proposition 3.1. Double twist knots J(k, l), where kl is even, are minimal.
Proof. It was shown in [11] that if k 6= l, the nonabelian character variety of
the double twist knot J(k, l) is irreducible, in which case J(k, l) is minimal by
Proposition 2.1. Now we consider the double twist knot J(2k, 2k). By [11], the
nonabelian character variety of J(2k, 2k) is reducible. However, it is easy to see
that the Alexander polynomial of J(2k, 2k) is
∆J(2k,2k)(t) = k
2t2 − (2k2 − 1) + k2,
which is irreducible over Z. By Proposition 2.2, we obtain the statement. 
In general, two-bridge knots b(kq + 1, q) and b(kq − 1, q) are the double twist
knots as depicted in Figure 2.
.
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b(kq+1,q) b(kq-1,q)
Figure 2. 2-bridge knots b(kq + 1, q) and b(kq − 1, q).
Corollary 3.2. Two-bridge knots b(kq + 1, q) and b(kq − 1, q) are minimal.
Next, we discuss two-bridge knots b(p, 5). As stated above, two-bridge knots
b(5k + 1, 5) and b(5k + 4, 5) are double twist knots and hence they are minimal.
For two-bridge knots b(5k + 2, 5) and b(5k + 3, 5), we need to investigate their
nonabelian character varieties.
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Theorem 3.3. For any integer n ≥ 0, the following holds:
(1) The nonabelian character variety of the two-bridge knot b(5(2n+1)+2, 5)
is reducible if and only if n ≡ 2 (mod 3).
(2) The nonabelian character variety of the two-bridge knot b(5(2n+1)− 2, 5)
is reducible if and only if n ≡ 0 (mod 3).
Corollary 3.4. Two-bridge knots b(5k+3, 5) and b(5k−3, 5) are minimal, if k 6≡ 0
(mod 6).
The proof of (2) of Theorem 3.3 is similar to that of (1) and so we present only
the proof of (1).
Let K denote the two-bridge knot b(5(2n + 1) + 2, 5). The knot group of K
admits the following standard two-generator presentation:
pi1(K) = 〈a, b | wa = bw〉
where
w = a(ba)nb−1(ba)−na(ba)nb(ba)−na−1(ba)nb.
We make use of the Chebyshev polynomials to describe the nonabelian character
variety. Let Sk(y) be the Chebychev polynomials of the second kind defined by
S0(y) = 1, S1(y) = y and Sk(y) = ySk−1(y)− Sk−2(y) for all integers k.
Note that Sk(2) = k + 1 and Sk(−2) = (−1)
k(k + 1). Moreover if y = u+ u−1,
where u 6= ±1, then Sk(y) =
uk+1−u−(k+1)
u−u−1
.
Lemma 3.5 (cf. [13]). For all k ≥ 1 we have
Sk(y) =
k∏
j=1
(
y − 2 cos
jpi
k + 1
)
.
Lemma 3.6 (cf. [19]). For all integers k we have
S2k(y) + S
2
k−1(y)− ySk(y)Sk−1(y) = 1.
Consequently, we have gcd(Sk(y), Sk−1(y)) = 1 in C[y].
Lemma 3.7 (cf. [19]). Suppose M =
[
a b
c d
]
∈ SL2(C). Then, for all integers
k, we have
Mk =
[
Sk(y)− dSk−1(y) bSk−1(y)
cSk−1(y) Sk(y)− aSk−1(y)
]
where y = trM .
Suppose ρ : pi1(K) → SL2(C) is a nonabelian representation. By Riley’s result
[16], up to conjugation we may assume that
ρ(a) =
(
s 1
0 s−1
)
and ρ(b) =
(
s 0
z − s2 − s−2 s−1
)
,
where (s, z) ∈ C2 satisfies the matrix equation ρ(wa) − ρ(bw) = O. Note that
z = tr ρ(ba).
We first compute ρ((ba)n).
Lemma 3.8. We have
ρ((ba)n) =
(
Sn(z)− s
−2Sn−1(z) s
−1Sn−1(z)
s−1(z − s2 − s−2)Sn−1(z) Sn(z)− (z − s
−2)Sn−1(z)
)
.
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Proof. The lemma follows from
ρ(ba) =
(
z − s−2 s−1
s−1(z − s2 − s−2) s−2
)
and Lemma 3.7. 
We now compute ρ(wa)− ρ(bw). Let x = tr ρ(a) = tr ρ(b) = s+ s−1, X = Sn(z)
and Y = Sn−1(z).
Proposition 3.9. We have
ρ(wa) − ρ(bw) =
(
0 R(x, z)
−(z + 2− x2)R(x, z) 0
)
where R(x, z) = αx4 + βx2 + γ and α, β, γ ∈ C[z] given by
α = (z − 2)X2(X − Y )3,
β = −(z − 2)X(X − Y )(2X3z +X3 −X2Y z − 6X2Y +XY 2 + 2Y 3),
γ = (X − Y )5 + (z − 2)(X5z2 +X5z − 5X4Y z − 5X4Y + 10X3Y 2 − Y 5).
Proof. By Lemma 3.8 we have
ρ((ba)n) =
(
X − s−2Y s−1Y
s−1(z − s2 − s−2)Y X − (z − s−2)Y
)
.
Since w = a(ba)nb−1(ba)−na(ba)nb(ba)−na−1(ba)nb, by a direct computation (using
computer) we have
ρ(wa) − ρ(bw) =
(
0 R(x, z)
−(z − s2 − s−2)R(x, z) 0
)
where
R(x, z) = α′(s4 + s−4) + β′(s2 + s−2) + γ′
and
α′ = X5z − 2X5 − 3X4Y z + 6X4Y + 3X3Y 2z − 6X3Y 2 −X2Y 3z + 2X2Y 3,
β′ = −2X5z2 + 7X5z − 6X5 + 3X4Y z2 − 11X4Y z + 10X4Y −X3Y 2z2
+7X3Y 2z − 10X3Y 2 − 5X2Y 3z + 10X2Y 3 + 2XY 4z − 4XY 4,
γ′ = X5z3 − 5X5z2 + 10X5z − 7X5 +X4Y z2 − 11X4Y z + 13X4Y
− 2X3Y 2z2 + 18X3Y 2z − 18X3Y 2 − 8X2Y 3z + 6X2Y 3
+4XY 4z − 3XY 4 − Y 5z + Y 5.
By substituting s4 + s−4 = x4 − 4x2 + 2 and s2 + s−2 = x2 − 2, we obtain the
desired formula for R(x, z). 
Proposition 3.9 implies that the matrix equation ρ(wa)−ρ(bw) = O is equivalent
to a single polynomial equation R(x, z) = 0. This equation determines the char-
acters of nonabelian SL2(C)-representations, i.e. the nonabelian SL2(C)-character
variety, of K = b(5(2n+ 1) + 2, 5).
Now let us consider the factorization of R(x, z) ∈ C[x, z]. We first focus on the
coefficients α, β, γ of R(x, z).
Lemma 3.10. If n 6≡ 2 (mod 3) then gcd(α, β, γ) = 1 in C[z]. If n ≡ 2 (mod 3)
then gcd(α, β, γ) = z − 1 in C[z].
ON MINIMALITY OF TWO-BRIDGE KNOTS 7
Proof. We first note that γ(2) =
(
Sn(2) − Sn−1(2)
)5
= 1 and hence z − 2 ∤ γ.
Assume gcd(α, β, γ) has a nontrivial prime factor P ∈ C[z].
Since P | α, there are 2 cases to consider: P | X and P | X − Y . If P | X − Y
then P | (z − 2)2X5, since γ ≡ (z − 2)2X5 (mod X − Y ). This implies that P | X .
Hence P | gcd(X,Y ) = 1 by Lemma 3.6, which contradicts the assumption. If
P | X then P | (z − 1)Y 5, since γ ≡ −(z − 1)Y 5 (mod X). Since gcd(X,Y ) = 1,
we must have P | z − 1. From Lemma 3.5 we see that z − 1 | Sn(z) if and only if
n ≡ 2 (mod 3). The lemma follows, since X = Sn(z) does not have any repeated
factors by Lemma 3.5. 
Lemma 3.11. R(x, z) does not have any prime factors of degree 1, 2, 3 in x.
Proof. We first note that it suffices to show that R = R(x, z) does not have any
prime factors of degree 1, 2 in x.
Assume R has a prime factor P = ax2+bx+c of degree 2 in x, where a, b, c ∈ C[z]
and a 6= 0. There are 2 cases to consider: b 6= 0 and b = 0.
Suppose b 6= 0. Since R is even in x, Q = ax2 − bx + c is also a prime factor of
R. This implies that PQ = a2x4 + (2ac− b2)x2 + c2 is a factor of R. In particular,
we have
a2
c2
=
α
γ
= (z − 2)
α′′
γ′′
where neither α′′ nor γ′′ is divisible by z−2. This cannot occur, since the left hand
side is a square in C(z).
Suppose b = 0. In this case we must have R = (ax2 + c)(dx2 + f) for some
d, f ∈ C[z]. This implies that α = ad, β = af + cd and γ = cf . In particular, we
have β2 − 4αγ = (af − cd)2. By a direct computation we have
β2 − 4αγ = (z − 2)X2(X − Y )2
(
X2z − 6X2 + 8XY − 4Y 2
) (
X2 −XY z + Y 2
)2
.
By the above argument, this should be a square in C[z] and so z − 2 must divide
X2z − 6X2 + 8XY − 4Y 2. Then we obtain a contradiction, since
X2z − 6X2 + 8XY − 4Y 2 = (z − 2)X2 − 4(X − Y )2
is not divisible by z − 2. Note that (X − Y ) |z=2 = Sn(2)− Sn−1(2) = 1 6= 0.
Assume R has a prime factor P ′ = ax+ b of degree 1 in x, where a, b ∈ C[z] and
a 6= 0. Note that b 6= 0, as γ 6= 0. Since R is even in x, Q′ = ax− b is also a prime
factor of R. This implies that P ′Q′ = a2x2−b2 is a factor of R. Although a2x2−b2
is not a prime factor of R, but we can show that it is not a factor of R by a similar
argument to the previous case. This completes the proof of the lemma. 
Lemmas 3.10 and 3.11 imply the following.
Proposition 3.12. If n 6≡ 2 (mod 3) then R(x, z) is irreducible in C[x, z]. If n ≡ 2
(mod 3) then R(x, z) = (z − 1)R′(x, z) where R′(x, z) is irreducible in C[x, z].
Proposition 3.12 implies Theorem 3.3.
On the other hand, we see that two-bridge knots b(30k+ 3, 5) and b(30k− 3, 5)
are not minimal as follows. The rational numbers 5/(30k + 3) and 5/(30k − 3)
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admit the following continued fraction expansions:
5
30k + 3
= [6k, 2,−3] = [3, 0, 3, 0, . . . , 0, 3︸ ︷︷ ︸
4k−1
, 2,−3],
5
30k − 3
= [6k,−2, 3] = [3, 0, 3, 0, . . . , 0, 3︸ ︷︷ ︸
4k−1
,−2, 3].
This implies that there exist epimorphisms from their knot groups onto the trefoil
knot group by Ohtsuki-Riley-Sakuma construction [15] (see also [18]).
Finally, two-bridge knots b(6k + 1, 6) and b(6k + 5, 6) are minimal by Corollary
3.2.
As a consequence of the above arguments, we obtain the following theorem.
Theorem 3.13. For q ≤ 6, a two-bridge knot b(p, q) is not minimal if and only if
one of the following two conditions is satisfied:
(1) p is not prime and q = 1,
(2) p ≡ ±3 (mod 30) and q = 5.
4. Main theorem II
In this section, we determine which two-bridge knot b(p, q) is not minimal where
p ≤ 100.
As mentioned in Section 2, if either p is not divisible by p′ or ∆b(p,q)(t) is not
divisible by ∆b(p′,q′)(t), then there does not exist an epimorphism from G(b(p, q))
onto G(b(p′, q′)).
In [18], a relationship between epimorphisms of two-bridge knot groups and their
crossing numbers is studied. To be precise, if there exists an epimorphism from the
knot group of a two-bridge knot K onto that of another knot K ′, then the crossing
number of K is greater than or equal to three times of that of K ′. For example,
b(45, 14) is minimal as follows. Pairs (p, q) satisfying that p is a divisor of 45 and
∆b(45,14)(t) is divisible by ∆b(p,q)(t) are only (5, 1) and (9, 2). However, the crossing
number of b(45, 14) is 10 which is less than three times of the crossing numbers
of b(5, 1) and b(9, 2). Hence there exists an epimorphism from G(b(45, 14)) onto
neither G(b(5, 1)) nor G(b(9, 2)).
Furthermore, in [18] all epimorphisms between two-bridge knot groups with up
to 30 crossings are determined. For example, by using this result, there does not
exist an epimorphism from G(b(51, 16)) onto G(b(3, 1)), although ∆b(51,16)(t) is
divisible by ∆b(3,1)(t) and the crossing number of b(51, 16) is 11 which is bigger
than three times of the crossing number of b(3, 1).
By these arguments, we obtain the following theorem.
Theorem 4.1. For p ≤ 100, a two-bridge knot b(p, q) is not minimal if and only
if (p, q) is one of the following pairs:
(9, 1), (15, 1), (21, 1), (27, 1), (27, 5), (33, 1), (33, 5), (35, 1), (39, 1), (39, 7), (45, 1),
(45, 7), (45, 19), (49, 1), (51, 1), (55, 1), (57, 1), (57, 5), (63, 1), (63, 5), (63, 11), (65, 1),
(69, 1), (69, 11), (69, 19), (75, 1), (75, 13), (75, 29), (77, 1), (81, 1), (81, 7), (81, 13),
(85, 1), (85, 9), (85, 38), (87, 1), (87, 5), (87, 7), (91, 1), (93, 1), (93, 5), (93, 11), (95, 1),
(95, 9), (99, 1), (99, 17), (99, 29).
ON MINIMALITY OF TWO-BRIDGE KNOTS 9
Acknowledgements
The first and second authors were partially supported by KAKENHI (No. 26800046
and No. 16K05159), Japan Society for the Promotion of Science, Japan. The third
author was partially supported by a grant from the Simons Foundation (No. 354595
to AT).
References
[1] I. Agol and Y. Liu, Presentation length and Simon’s conjecture, J. Amer. Math. Soc. 25
(2012), 151–187.
[2] M. Boileau, S. Boyer, A. Reid, and S. Wang, Simon’s conjecture for two-bridge knots, Comm.
Anal. Geom. 18 (2010), 121–143.
[3] M. Boileau and S. Boyer, On character varieties, sets of discrete characters, and nonzero
degree maps, Amer. J. Math. 134 (2012), 285–347.
[4] G. Burde, SU(2)-representation spaces for two-bridge knot groups, Math. Ann. 288 (1990),
103–119.
[5] G. Burde, H. Zieschang, and M. Heusener, Knots, De Gruyter Studies in Mathematics, 5,
2014.
[6] C.D. Feustel, W. Whitten, Groups and complements of knots, Canad. J. Math. 30 (1978)
1284–1295.
[7] K. Horie, T. Kitano, M. Matsumoto, and M. Suzuki, A partial order on the set of prime
knots with up to 11 crossings, J. Knot Theory Ramifications 20 (2011), 275–303.
[8] T. Kitano and M. Suzuki, A partial order on the knot table, Experimental Math. 14 (2005),
385–390.
[9] T. Kitano and M. Suzuki, Twisted Alexander polynomial and a partial order on the set of
prime knots, Geom. Topol. Monogr. 13 (2008), 307-321.
[10] T. Kitano and M. Suzuki, Some minimal elements for a partial order of prime knots, preprint.
[11] M. Macasieb, K.L. Petersen and R. van Lujik, On character varieties of two-bridge knot
groups, Proc. London Math. Soc., 103 (2011), 473–504.
[12] K. Murasugi, Knot theory and its applications, Birkhauser (1996).
[13] F. Nagasato, On minimal elements for a partial order of prime knots, Topology Appl. 159
(2012), 1059–1063.
[14] F. Nagasato and A. Tran, Some families of minimal elements for a partial ordering on prime
knots, to appear in Osaka Journal of Mathematics.
[15] T. Ohtsuki, R. Riley and M. Sakuma, Epimorphisms between 2-bridge link groups, Geom.
Topol. Monogr. 14 (2008), 417–450.
[16] R. Riley, Nonabelian representations of 2-bridge knot groups, Quart. J. Math. Oxford Ser.
(2) 35 (1984), 191–208.
[17] D. Silver and W. Whitten, Knot group epimorphisms II, preprint.
[18] M. Suzuki, Epimorphisms between two bridge knot groups and their crossing numbers,
preprint.
[19] A. Tran, Reidemeister torsion and Dehn surgery on twist knots, to appear in Tokyo Journal
of Mathematics.
Department of Mathematics, Meijo University, Tempaku, Nagoya, 468-8502, Japan
E-mail address: fukky@meijo-u.ac.jp
Department of Frontier Media Science, Meiji University, 4-21-1 Nakano, Nakano-ku,
Tokyo, 164-8525, Japan
E-mail address: macky@fms.meiji.ac.jp
Department of Mathematical Sciences, The University of Texas at Dallas, Richard-
son, TX 75080, USA
E-mail address: att140830@utdallas.edu
